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
ZKHUHܥ௜ǡ ሺ݅ ൌ ͳ െ ͺሻGHQRWHWKHDUELWUDU\FRQVWDQWV
7KH]HURWKRUGHUGHIRUPDWLRQSUREOHPVDUH
ሺͳ െ ݌ሻܮ௙ൣ݂ҧሺߟǡ ݌ሻ െ ଴݂ሺߟሻ൧ ൌ ݌݄௙ ௙ܰൣ݂ҧሺߟǡ ݌ሻǡ ҧ݃ሺߟǡ ݌ሻ൧ǡ

ሺͳ െ ݌ሻܮ௚ሾ ҧ݃ሺߟǡ ݌ሻ െ ݃଴ሺߟሻሿ ൌ ݌݄௚ ௙ܰൣ݂ҧሺߟǡ ݌ሻǡ ҧ݃ሺߟǡ ݌ሻ൧ǡ
ሺͳ െ ݌ሻܮఏሾߠҧሺߟǡ ݌ሻ െ ߠ଴ሺߟሻሿ ൌ ݌݄ఏ ఏܰൣ݂ҧሺߟǡ ݌ሻǡ ҧ݃ሺߟǡ ݌ሻǡ ߠҧሺߟǡ ݌ሻ൧
݂ҧሺͲǡ ݌ሻ ൌ Ͳǡ ݂ҧԢሺͲǡ ݌ሻ ൌ ͳǡ ݂ҧԢሺλǡ ݌ሻ ൌ Ͳǡ ҧ݃ሺͲǡ ݌ሻ ൌ Ͳǡ ҧ݃ ԢሺͲǡ ݌ሻ ൌ ܿǡ ҧ݃Ԣሺλǡ ݌ሻ ൌ Ͳǡ ߠҧሺͲǡ ݌ሻ ൌ ͳǡ ߠҧሺλǡ ݌ሻ ൌ ͲǤ

7KH݉௧௛RUGHUGHIRUPDWLRQSUREOHPLVRIWKHIRUP
ܮ௙ሾ ௠݂ሺߟሻ െ ߯௠ ௠݂ିଵሺߟሻሿ ൌ ݄௙ܴ௠௙ ሺߟሻ

ܮ௚ሾ݃௠ሺߟሻ െ ߯௠݃௠ିଵሺߟሻሿ ൌ ݄௚ܴ௠௚ ሺߟሻ

ܮఏሾߠ௠ሺߟሻ െ ߯௠ߠ௠ିଵሺߟሻሿ ൌ ݄ఏܴ௠ఏ ሺߟሻ
௠݂ሺͲሻ ൌ Ͳǡ ௠݂ᇱሺͲሻ ൌ Ͳǡ ݃௠ሺͲሻ ൌ Ͳǡ ݃௠ᇱሺͲሻ ൌ Ͳǡ ߠ௠ሺͲሻ ൌ Ͳǡ ௠݂ᇱሺλሻ ൌ Ͳǡ ݃௠ᇱሺλሻ ൌ Ͳǡ ߠ௠ሺλሻ ൌ Ͳ

ZKHUH
ܴ௠௙ ሺߟሻ ൌ ݂ԢԢԢ௠ିଵሺߟሻ െ ߞ ቆ
ߟ
ʹ ݂ԢԢ௠ିଵሺߟሻ ൅ ݂Ԣ௠ିଵሺߟሻቇ െ ܭߞ ቆ
ߟ
ʹ ௠݂ିଵ
௜௩ ሺߟሻ ൅ ʹ݂ԢԢԢ௠ିଵሺߟሻቇ
൅ ෍൛൫ ௠݂ିଵି௞ሺߟሻ ൅ ݃௠ିଵି௞ሺߟሻ൯ ௞݂ᇱᇱሺߟሻ െ ݂Ԣ௠ିଵି௞ሺߟሻ ௞݂ᇱሺߟሻ
௠ିଵ
௞ୀ଴
൅ ܭൣ൫ ௠݂ିଵି௞ሺߟሻ ൅ ݃௠ିଵି௞ሺߟሻ൯ ௞݂௜௩ ൅ ൫݂ԢԢ௠ିଵି௞ሺߟሻ െ ݃ԢԢ௠ିଵି௞ሺߟሻ൯ ௞݂ᇱᇱሺߟሻ
െ ʹ൫݂Ԣ௠ିଵି௞ሺߟሻ ൅ ݃Ԣ௠ିଵି௞ሺߟሻ൯ ௞݂ᇱᇱᇱሺߟሻ൧ൟ
ܴ௠௚ ሺߟሻ ൌ ݃ԢԢԢ௠ିଵሺߟሻ െ ߞ ቆ
ߟ
ʹ݃ԢԢ௠ିଵሺߟሻ ൅ ݃Ԣ௠ିଵሺߟሻቇ െ ܭߞ ቆ
ߟ
ʹ݃௠ିଵ
௜௩ ሺߟሻ ൅ ʹ݃ԢԢԢ௠ିଵሺߟሻቇ
൅ ෍൛൫ ௠݂ିଵି௞ሺߟሻ ൅ ݃௠ିଵି௞ሺߟሻ൯݃௞ᇱᇱሺߟሻ െ ݃Ԣ௠ିଵି௞ሺߟሻ݃௞ᇱ ሺߟሻ
௠ିଵ
௞ୀ଴
൅ ܭൣ൫ ௠݂ିଵି௞ሺߟሻ ൅ ݃௠ିଵି௞ሺߟሻ൯݃௞௜௩ െ ൫݂ԢԢ௠ିଵି௞ሺߟሻ െ ݃ԢԢ௠ିଵି௞ሺߟሻ൯݃௞ᇱᇱሺߟሻ
െ ʹ൫݂Ԣ௠ିଵି௞ሺߟሻ ൅ ݃Ԣ௠ିଵି௞ሺߟሻ൯݃௞ᇱᇱᇱሺߟሻ൧ൟ
ܴ௠ఏ ሺߟሻ ൌ ൬ͳ ൅
Ͷ
͵ܴௗ൰ ߠԢԢ௠ିଵሺߟሻ ൅ ܲݎ ෍൫ ௠݂ିଵି௞ሺߟሻ ൅ ݃௠ିଵି௞ሺߟሻ൯
௠ିଵ
௞ୀ଴
ߠ௞ᇱ ሺߟሻ െ ܲݎ
ߞ
ʹ ߟߠ௠ିଵ
ᇱ ሺߟሻ ൅ ܲݎܪ௚ߠ௠ିଵሺߟሻ
DQG
߯௠ ൌ ቄͲǡ݉ ൑ ͳͳǡ݉ ൐ ͳ 
7KHJHQHUDOVROXWLRQRI(TXDWLRQVLV

௠݂ሺߟሻ ൌ ݂כ௠ሺߟሻ ൅ ܥଵ ൅ ܥଶ݁ఎ ൅ ܥଷ݁ିఎ
݃௠ሺߟሻ ൌ ݃כ௠ሺߟሻ ൅ ܥସ ൅ ܥହ݁ఎ ൅ ܥ଺݁ିఎ
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ߠ௠ሺߟሻ ൌ ߠכ௠ሺߟሻ ൅ ܥ଻݁ఎ ൅ ܥ଼݁ିఎ
ZKHUH݂כ௠ሺߟሻ݃כ௠ሺߟሻDQGߠכ௠ሺߟሻDUHWKHVSHFLDOVROXWLRQV7KHV\PEROLFFDOFXODWLRQVDUHREWDLQHGE\0$7/$%

5HVXOWVDQGGLVFXVVLRQ

7DEOHSURYLGHVWKHFRPSDULVRQRIWKHSUHVHQWVWXG\IRUGLIIHUHQWܿYDOXHVZLWK+D\DWHWDO>@,WLVVHHQIURP
WKHWDEOHWKDWRXUUHVXOWVDUHDJUHHGZHOOZLWK+D\DWHWDO>@7DEOHVKRZVWKHYDULDWLRQVRIȂ ݂ᇱᇱሺͲሻDQGȂ݃ԢԢሺͲሻ
IRUGLIIHUHQWYDOXHVRIߞǡ ܿǡ ܭDQGܪܽǤ,WLVVHHQWKDWȂ ݂ᇱᇱሺͲሻDQGȂ݃ԢԢሺͲሻLQFUHDVHRQLQFUHDVLQJWKHYDOXHVRIߞǡ ܿܭ
DQGܪܽ 7DEOH  SURYLGHV WKH YDOXHV RI ORFDO 1XVVHOW QXPEHU IRU YDULRXV SDUDPHWHUV LQYROYHG LQ WKH VWXG\ZLWK
ܲݎ ൌ ͳǤͲ,WLVIRXQGWKDWWKHVXUIDFHKHDWWUDQVIHUUDWHGHFUHDVHVRQLQFUHDVLQJWKHYDOXHVRIܪܽǡ ܴௗDQGܪ௚
)LJXUH ͳ LQGLFDWHV WKDW WKH UHVSHFWLYH DGPLVVLEOH YDOXH RI ݄௙ǡ ݄௚ DQG ݄ఏ DUH െͳǤͶ ൑ ݄௙ǡ ݄௚ ൑ െͲǤͶ DQG
െͳǤͶ ൑ ݄ఏ ൑ െͲǤʹ:HFKRRVHWKHYDOXHVRIDX[LOLDU\SDUDPHWHUሺ݄ ൌ െͲǤͻሻIURPWKLVUDQJHZHZLOOJHWWKHPRUH
DFFXUDWH UHVXOWV )LJXUHVʹ െ ͵ VKRZ WKH HIIHFW RI XQVWHDG\ SDUDPHWHUሺߞሻ RQ YHORFLW\ SURILOHV݂ƍ DQG݃ƍ  ,W LV
REVHUYHGWKDWWKHERWKݔ െFRPSRQHQWDQGݕ െFRPSRQHQWYHORFLWLHVGHFUHDVHRQLQFUHDVLQJWKHXQVWHDG\SDUDPHWHU
7KLV LQKLELWV WKH JURZWK RI FKDQJH RI ODPLQDU WR WXUEXOHQW IORZ  7KH HIIHFWV RI YLVFRHODVWLF SDUDPHWHUሺܭሻRQ
YHORFLW\SURILHV DUHGLVSOD\HG LQ)LJXUHVͶ െ ͷ ,W LV REVHUYHG WKDW WKH LQFUHDVH LQYLVFRHODVWLF SDUDPHWHU EULQJV D
GHFUHDVHLQWKHIOXLGYHORFLW\7KHLQIOXHQFHRIVWUHWFKLQJUDWLRሺܿሻRQYHORFLW\SURILOHVDUHGLVSOD\HGLQ)LJXUHV͸Ȃ ͹
,W LV VHHQ IURP WKHVH ILJXUHV WKDW WKHݔ െFRPSRQHQW YHORFLW\ GHFUHDVHV DQGݕ െFRPSRQHQW YHORFLW\ LQFUHDVHV RQ
LQFUHDVLQJ WKH VWUHWFKLQJ UDWLR ,W LV REYLRXV WKDW WKH VWUHWFKLQJ UDWLR LV UDWLR RI WKH FRHIILFLHQW RI ERWK GLUHFWLRQDO
YHORFLWLHV(LWKHUݔ െFRPSRQHQWYHORFLW\RUݕ െFRPSRQHQWYHORFLW\ERRVWHGXSGHSHQGLQJRQWKHYDOXHVRIܿ,WLV
REVHUYHG IURP WKH )LJXUHV  ±  WKDW ERWK YHORFLWLHV GHFUHDVH RQ LQFUHDVLQJ WKH +DUWPDQQ QXPEHUሺܪܽሻǤ7KH
PDJQHWLFILHOGULVHVWRDUHVLVWLYHW\SHIRUFHFDOOHG/RUHQW]IRUFHDQGWKLVIRUFHKDVWKHWHQGHQF\WRVORZGRZQWKH
PRWLRQRIWKHIOXLG7KHIOXLGYHORFLW\DQGWKHLUERXQGDU\OD\HUWKLFNQHVVGHFUHDVHVZLWKLQFUHDVLQJWKH+DUWPDQQ
QXPEHU )LJXUH  VKRZV WKH HIIHFW RI YLVFRHODVWLF SDUDPHWHU RQ WHPSHUDWXUH ,W LV REVHUYHG WKDW WKH IOXLG
WHPSHUDWXUHLVDQLQFUHDVLQJIXQFWLRQRIܭGXHWRUHGXFLQJWKHYLVFRVLW\RIWKHIOXLGRQLQFUHDVLQJWKHYDOXHVRIܭ
)LJXUHͳͳGHSLFWVWKHHIIHFWVRIUDGLDWLRQRQWKHWHPSHUDWXUH7KHUPDOUDGLDWLRQDIIHFWVWKHUDWHRIHQHUJ\WUDQVSRUWWR
WKHIOXLGDQGVRWKHIOXLGWHPSHUDWXUHGHFUHDVHVRQLQFUHDVLQJWKHWKHUPDOUDGLDWLRQSDUDPHWHU7KHHIIHFWRILQWHUQDO
KHDW JHQHUDWLRQDEVRUSWLRQ SDUDPHWHUሺܪ௚ሻ RQ WHPSHUDWXUH LV VKRZQ LQ )LJXUHͳʹ  7KH HIIHFW RI LQWHUQDO KHDW
JHQHUDWLRQሺܪ௚ ൐ ͲሻLV WR LQFUHDVH WKH UDWHRIKHDW WUDQVSRUW WR WKH IOXLG WKHUHE\ LQFUHDVLQJ WKH WHPSHUDWXUHRI WKH
IOXLG+RZHYHUKHDWDEVRUSWLRQሺܪ௚ ൏ ͲሻLVWRGHFUHDVHWKHUDWHRIKHDWWUDQVSRUWWRWKHIOXLGWKHUHE\GHFUHDVHWKH
WHPSHUDWXUHRIWKHIOXLG

&RQFOXVLRQ
 
7KHSUREOHPRI XQVWHDG\ WKUHHGLPHQVLRQDO0+'ERXQGDU\ OD\HU IORZDQGKHDW WUDQVIHU RI D YLVFRHODVWLF IOXLG
RYHUDVWUHWFKLQJVXUIDFHLQWKHSUHVHQFHRIUDGLDWLRQLVFRQVLGHUHG$QDO\WLFDOVROXWLRQVDUHGHULYHGXVLQJKRPRWRS\
DQDO\VLVPHWKRG,WLVIRXQGWKDWWKHPRPHQWXPERXQGDU\OD\HUWKLFNQHVVGHFUHDVHVRQLQFUHDVLQJWKHXQVWHDGLQHVV
SDUDPHWHU YLVFRHODVWLF SDUDPHWHU DQG +DUWPDQQ QXPEHU 7KH WKHUPDO ERXQGDU\ OD\HU WKLFNQHVV LQFUHDVHV RQ
LQFUHDVLQJ WKH YLVFRHODVWLF SDUDPHWHU DQG LQWHUQDO KHDW JHQHUDWLRQDEVRUSWLRQ SDUDPHWHU 7KH VXUIDFH KHDW WUDQVIHU
UDWH GHFUHDVHV RQ LQFUHDVLQJ WKH +DUWPDQQ QXPEHU UDGLDWLRQ SDUDPHWHU DQG LQWHUQDO KHDW JHQHUDWLRQDEVRUSWLRQ
SDUDPHWHU
7DEOH&RPSDULVRQRIȂ݂ԢԢሺͲሻDQGȂ ݃ԢԢሺͲሻIRUGLIIHUHQWYDOXHVRIܿZLWK+D\DWHWDO>@


F
െ݂ƍƍሺͲሻ െ݃ƍƍሺͲሻ
3UHVHQW6WXG\ +D\DWHWDO 3UHVHQW6WXG\ +D\DWHWDO
    
    
    
    
    
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  
)LJ݄FXUYHVRI݂ԢԢሺͲሻǡ ݃ԢԢሺͲሻDQGߠԢሺͲሻǤ)LJ,QIOXHQFHRIߞRQ݂ԢሺߟሻǤ
 
)LJ,QIOXHQFHRIߞRQ݃ԢሺߟሻǤ)LJ,QIOXHQFHRIܭRQ݂ԢሺߟሻǤ
 
)LJ,QIOXHQFHRIܭRQ݃ԢሺߟሻǤ)LJ,QIOXHQFHRIܿRQ݂ԢሺߟሻǤ
 
)LJ,QIOXHQFHRIܿRQ݃ԢሺߟሻǤ)LJ,QIOXHQFHRIܪܽRQ݂ԢሺߟሻǤ
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
7DEOH9DULDWLRQVRIȂ ݂ ƍƍሺͲሻDQGȂ݃ƍƍሺͲሻIRUGLIIHUHQWYDOXHV
RIߞǡ ܿǡ ܭDQGܪܽ

 
7DEOH  9DULDWLRQV RI   ORFDO 1XVVHOW
QXPEHU IRU GLIIHUHQW YDOXHV RIܪܽǡ ܴௗ
DQGܪ௚

ߞ F ܭ ܪܽ െ݂ƍƍሺͲሻ െ݃ƍƍሺͲሻ  ܪܽ ܴௗ ܪ௚ ܰݑ௫ܴ݁௫
ିభమ
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